Verapamil and cyclosporin A modulate doxorubicin toxicity by distinct mechanisms.
Cyclosporin A has been reported to enhance the sensitivity of cells displaying multiple drug resistance to anthracyclines. However, the mechanism of action of cyclosporin A in modulating drug resistance is still controversial. This study compares the effects of cyclosporin A and verapamil on doxorubicin resistance in chinese hamster ovary cells (CHRC5) using several criteria including in vitro cytotoxicity, drug accumulation, intracellular distribution by video microscopy, and nuclear DNA damage. Our results demonstrate that verapamil modulation of doxorubicin resistance was paralleled by cellular accumulation of doxorubicin, altered intracellular distribution of doxorubicin from cytoplasm to nucleus, and an increase in the formation of doxorubicin related DNA strand breaks. In contrast, the modulating effect of cyclosporin was qualitatively different. High concentrations of cyclosporin (5 micrograms/ml) increased doxorubicin accumulation and caused partial redistribution to the nucleus. However, with low concentrations of cyclosporin (1 microgram/ml) increased doxorubicin sensitivity was observed without changes in net accumulation of doxorubicin or intracellular distribution, and without enhanced doxorubicin induced DNA breakage. These results suggest that cyclosporin A can modulate doxorubicin cytotoxicity by means other than interference with the P-glycoprotein drug efflux system.